5). It is anticipated that referrals for mechanical thrombectomy will increase, obliging health systems to allocate resources to meet the rising demand. A potential decisive factor in the allocation of resources is the limited number of neurointerventionists. A kneejerk reflex for health system planners is to relax the training requirements of neurointerventionists in order to increase the available numbers. However, it must be recognized that intracranial endovascular therapy is a highly specialized field and mechanical thrombectomy is a procedure with infrequent, albeit potential, lethal harm to the patient. In MR CLEAN, proceduralrelated complications include 5·6% risk of distal arterial embolization leading to new ischemic infarcts (1). Furthermore, REVASCAT reported 4·9% risk of intracranial arterial perforation by endovascular devices (5), leading to fatality. It is the aim of this article to outline the specific hazardous scenarios during mechanical thrombectomy and the requisite training of a neurointerventionist as a safeguard for the stroke patient.
Arterial access and hostile configuration of the aortic arch
Endovascular mechanical thrombectomy requires, as a first step, the safe placement of a large caliber guide catheter in the cervical segment of the parent artery, for example, the proximal internal carotid artery or the vertebral artery. The first hurdle is the configuration of the aortic arch from which the great cervical vessels originate. In elderly patients, the angle at which cervical arteries emerge is frequently acute and tortuous, necessitating the careful handling of complex-shaped diagnostic catheters within the aortic arch. The danger relates to the aortic arch atheroma, which serves as a potential source of arterial emboli if in the event of inadvertent dislodgement of atherosclerotic material by the mishandling of catheters. Tortuous parent artery (cervical segments) poses additional challenges to the neurointerventionist. In an attempt to traverse a tortuous segment, increasing force is often required to 'track' the guide catheter to the target placement region. Potential complications include, in increasing degrees of severity, arterial vasospasm to arterial dissection with pseudoaneurysm formation.
Placement of microcatheters into second-order and third-order intracranial arteries
The safe placement of guide catheters in the cervical vessels is followed by the navigation of microcatheter, under radiological roadmap guidance, into the intracranial vasculature. In the situation of middle cerebral artery M1 (first order) segment occlusion, it is necessary to place the tip of the microcatheter into one of the M2 segments (second order). This is the minimum requirement to allow for the deployment of a stentriever. Herein lies the danger as the bifurcation of the M1 to M2 segments is highly variable and may not be obvious without careful, considered understanding of the anatomic variations. The novice practitioner is at moderate risk of eventuating perforation of intracranial arteries leading to potentially fatal subarachnoid haemorrhage. This dreaded complication is the dominant driver of fatality in mechanical thrombectomy.
Tandem arterial stenotic lesions
Approximately 20% of acute stroke cases harbor a tandem stenotic lesion separate from the culprit occlusive lesion (2) . A typical scenario would be middle cerebral artery occlusion with a tandem proximal internal carotid artery critical stenosis or total occlusion. This scenario requires additional experience in carotid artery balloon angioplasty and carotid stenting. The steps here include traversal of the proximal carotid stenosis with a distal protection device, to avoid further embolic events, and the deployment of balloon angioplasty catheter and carotid stent. These skills, although similar to the handling of microcatheter, nevertheless require separate training for the familiarization of very different endovascular devices.
Credentialing of neurointerventionists
The principles of the credentialing of neurointerventionists for mechanical thrombectomy are intentioned to ensure satisfactory experience in endovascular mechanical thrombectomy and related techniques in order to manage challenging scenarios and arterial complications. It is generally recognized that endovascular-related treatment is the highest risk and most complex of the discipline termed interventional neuroradiology. Credentialing is not strictly uniform among different countries but in general terms, the agreed prerequisite is completion of a two-to three-year neurointervention fellowship after the attainment of one of the specialties of radiology, neurology, or neurosurgery.
The two-to three-year neurointervention fellowship has been published by the American Society of Neuroradiology and mandates at least two-years of full-time training within the precincts of a credentialed training center (6) . The curriculum of cognitive training includes at minimum neurological diagnosis of cerebrovascular diseases and the preoperative and postoperative management of cerebrovascular patients. Operative training must include 'hands-on' experience in a broad range of cerebrovascular endovascular diagnostic techniques and participation in mechanical thrombectomy, carotid stenting, and intracranial stenting. It could be argued that experience in aneurysm coiling, placement of flow diversion devices, and embolization of arteriovenous malformation is not strictly necessary. However, the exposure to these treatment modalities would certainly enhance the repertoire of the neurointervention trainee and the experience in dealing with complications.
Mechanical thrombectomy represents a major breakthrough in the emergent treatment of acute ischemic stroke. However, the enthusiasm to widely adopt and disseminate this technological advance must be moderated by the knowledge of potential procedural-related complications and the recognition that neurointervention is a highly complex field requiring dedicated, focused training. A balanced and considered approach should include careful credentialing of the next generation of neurointerventionists in order to safeguard the safety of our patients.
Bernard Yan and Peter J. Mitchell
Neurointervention Service, Royal Melbourne Hospital, Parkville, Melbourne, Australia
